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Observations and Analysis on Building Settlement
Due to Tangshan Earthquake
Huang Xiling
Deputy Chief Engineer of Chinese Academy of Building Research, Peking, China

SYNOPSIS This paper describes the sign ifican t settlement of buildings on satuated soft c l ay due
to Tangshan earthquake. Results of dynamic tr ia x ia l tests and analysis of stress in subsoil w ill
be given. The factors which influence the settlement w ill also be discussed herein.

INTRODUCTION

sank unevenly, with an inclination o f 0.?^
or more. The observation of settlement after
earthquake indicated that the increase of
settlement was 1S-25 cm (mean value) as shown
in Table I .

Large areas of satuated high compressive soft
clay are situated in c itie s along Behai bay
o f Northern China, such as Tanggu, Xingang and
Iiangu. The settlements of 3-4 storey masonry
buildings in the
c itie s were over 20 cm
during Tangshan earthquake. This fact aroused
great interest of s o il engineers and designers.

Table 1 Observed Settlements of 26 Buildings
in Area A

Time of
Observation

flE M i INVESTIGATION

The causes for settlements of buildings during
earthquake are mainly two: f i r s t , iiquafact ior»
of satuated loose fin e sand; second, local
failu re of the soft clay under the bottom of
the foundation. The case of settlement due
to the second cause w ill be described as
follow s.

before
earthquake

duri ng
earthquake

In the area of intensity ?, the settlements
of buildings during earthquake were quite
d ifferen t, for 1-2 storey masonry buildings
small, while 3-4 storey buildings very large.
Twenty-six masonry buildings in area A of
Xingang apartments hove been taken as examples.
At the s ite , uniform hydraulic f i l l is about
3m thick below the ground surface. The
underlying is organic s ilty clay being over
15 ra thick. The physical and mechanical
characteristics of the s o il are: water
content W * 40-60;*, c o e ffic ie n t of
compressibility a* = 0.07-0.1? cirf/lcg
cohesion c = 0.1~r 0.16
anagle of internal
fr ic tio n
=0. The allowable oearing capacity
of the s o il 2-5 T/m*.

Settlement o f
buildings (cm)
3-storey
4 -storey

Max

29.7

29.?

Kin

10.0

12.6

Kean

19.7

22.29

Rax

22.1

34-. 7

Kin

14-5

16.3

Kean

1S.0

25-1

T iltin g of 4-storey buildings occurred in
the course of the settlement during earthquake
The difference o f settlements between point 1
and point 2 of the Building No. 13 as
measured, during the earthquake increased
from *.7-21.1 cm with t i l t i n g reached to
23.3/T, as shown in Fig 1.

Haft foundation was used for the three to four
storey buildings due to the lower bearing
capacity and high compressibility of the cut-soil.
The construction of th is group o f buildings
mas started at 1974 and completed in 1975*
Before 1976 earthquake, average settlement
of sixteen three storey buildings was 1 9 .7 cm,
while the average of the other ten 4-storey
buildings was 22.3 cm. Some o f the buildings
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In the area of Iiangu with intensity 9, more
serious damages of buildings were observed.
Unfortunately there was no detailed information
on settlement observation fo r the remaining
buildings. However, oinking of buildings
could be seen from Fig 2, Fig 3. In F ig .2 ,
the two parallod o il tanks were with the
same volume of 1,000 m* and height o f 9 m.
Prior to earthquake, the tank on the right
hand was f i l l e d up with o i l , while the le ft
one f i l l i n g h a lf of the tank. The settlement
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Fig. 3 Damage of office building.

Fig. 2

Sinking of tanks due
to earthquake

of former was 20 cm being bigger than the
later, in Fig3, »ore serious damage of
3- 3torey office building could be seen due to
the deformation cf ground outside the building.
Files have better seismic resistance and
smaller settlement. In case that the pile
cap was above the ground surface, cracking
would usually occur
at the top of the
pile as shown in Fig. 4. Tilting of piles
would only occur at heavy loading applied near
the piles.
Unequal settlement usually happened to
industrial buildings having various types
of foundations and different kinds of loading*
F ig.5 shows damage of a structure with two
different foundations, thereby causing
unequal settlements.
is to the area of intensity 7, the settlements
of 5-6 storey buildings during earthquake were
less than 4 cm which is equal to one twelveth

Fig. 4. Damages of piles.

of its settlement at normal condition and
is of no significance to engineering.
DYNAMIC TEST
The apartment building No.13 mentioned
above was selected to study the causes for
earthquake settlement. Undisturbed
soil samples were taken from' nearby the
building and tested in the soil laboratory.
At the site of the building, the surface layer
is of nonuniform f i l l being about 1-2 m thick.
Beneath the f i l l is organic silty clay contain*
ing large amount of organic materials. Scdl
specimens were taken from a depth of 2-6 m,
where, water content w » 40 50£, liquid
limit LL • 40-5051 and sensitivity above 4.
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Fig. 6
Fig. 5 Damage of structure due
to differencial settlement.
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Dynamic strain with
number of cycles when
$> -0,10 kg/cm*

In the undrained shear test, static shear
strength <tf of undisturbed samples at failure
within 100 seconds was 0.16 kg/cm*. Dynamic
test was ca rried on in the dynamic triaxial
apparatus. The specimen was 5 cm in diameter
and 12 cm in height. Prior to the dynamic
test, soil sample was consolidated under
lateral pressure a$ = « *0.5 kg/cm*. In order
to make clear the influence of original shear
stress in the subsoil on its dynamic strength,
dynamic test was carried out under the
condition of static shear stress Si *0,
0.1, 0.2 kg/crri* re3pectively.
The cyclic loading was applied to the specimen
vertically, using sinusoidal load trace at
1 H«. The test was carried on t i l l its
failu re. But sometimes soil failure w ill
not occur even after 300 cycles due to the
small cyclic loading applied. In this case,
the test should be stopped.
Soft soil has special dynamic properties.
I f total shear stress ( sum of dynamic stress
and original shear stress <J» ) is less
than half of the static strength Sf , the
curve of dynamic strain w ill be fla t, even
i f the number of cycles is increased to 300.
{ see carve 1 in Fig 6 ). when the total shear
stress is bigger than 80£ of the static
strength, the strain increase and the stress
decrease suddenly. However, a lower dynamic
strength w ill s t i l l remain (Fig 7). The
dynamic stress was taken as dynamic strength
at the sudden increase of the strain. The
strain at the time was about 1.8/. Relation
ship between dynamic strength and original
shear stress is shown in Fig 8. All the
dynamic strength at the stage when the number
of cycles is less than 30 w ill be bigger
than its static strength. The more is the
number of cycles, the less w ill be the dynamic
strength. This indicates that the fatigue
of soil appears at cyclic loading. It should
be pointed out that the amplitude of seismic
waves is variable, which is quite different

Fig.7 Typical record of deformation
and load during cyclic
loading test.
from the ordinary equal amplitude waves
used in testing. Therefore, suggestions of
Professor Seed has been taken as reference.
Since the Tangshan earthquake was of
magnitude 7*8, the strength at 30 cycles
has been taken as dynamic strength.
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F ig .8

Dynamic strength with original
shear stress.

force Q which actB on the too o f foundation.
It is produced by the shaking of the super
structure and calculated according to current
code used in the People’ s Renublic of China;
( 3) shear stress in the s o il produced by
shaking of s o il mass it s e l f in the process
of ground motion and calculated by Seed's
method. The factor r in Seed equation
has been adopted with consideration of the
condition that a local loading is applied
at the ground surface. Among the above forces,
the la s t two are cyclic loadings in the
horizontal d irection . The value of the load
is the function of maximum ground acceleration,
which was equal to 0.2g (g is gravity
acceleration) in the area of earthquake
intensity 8. The 4-storey building No.13
mentioned above has been taken as a tyoical.
example in the study. Its ra ft foundation
is 55 m long, 11.6 m wide, the net foundation
pressure Q »5T/M% is numerically equal
to the allowable bearing capacity as given
by R**C.

On the other hand,the bigger the original
shear stress, the smaller w ill be the dynamic
stress at fa ilu re of the s o il (F ig . 9 ). Xhile
the original shear stress is over 6Of of sta tic
strength, dynamic stress at s o il fa ilu re at
30 cycles w ill be half o f it s sta tic strength.
This property is very important in the
evaluation o f foundation s ta b ility under
seismic loading.
n
d~>

F ig.10 Maximum shear stress
contours under vertical
loading.
r ig . 9

Dynamic shear stress
with original shear stress

Analysis of the cause of settlements. As
is well known, i t is very d iffic u lt to solve
the problem of settlement under cyclic loading
during earthquake. F irst of a ll, the state
of dynamic stresses in the foundation so il
is not so clea r. Therefore, in th is paper
a simple and approximate method is recommended
in the study o f th is problem.
The stress distribution in subsoil is presumed
to be caused by three external forces;
(1 ) uniformaily distributed v e rtic a l loading,
which gives the origin al stress in the s o il
before earthquake; (2 ) horizontal shearing

Fig. 10 shows the maximum shear stress contours
in terms of static strength, in case that
the net foundation pressure is applied. It
is to be noticed that within a range of 1.4 b
the origin a l stress is over 0.6 sta tic
strength. In th is case, the dynamic strength
w ill be less than 1.1 s ta tic strength as
shown before.
Fig 11 gives maximum shear stress contours
at the action o f the net foundation pressure
and
horizontal shearing force directing
to rig h t. Obviously, within the range o f
contour at 't«u«=»l .lfr j, the stress of each
point has been at the state of lim it
equilibrium and a larger p la s tic zone appeared
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2. The significant settlements o f 3-4 storeybuildings in the area o f intensity 3 are
caused by the la tera l deformation of s o il
during earthquake. The method to determine
p lastic zone in subsoil can be used to
estimate the p ossib ility o f settlement.
3. It is necessary to give further study
to the interaction between structure and
subsoil fo r more confident evaluation of
foundation s ta b ility .
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Fig. 11

P la stic zone under earth
quake loading.

at the right side beneath the foundation
(see the shading area in
figure 11) at
this time, plastic strain w ill take place
and s o il w ill begin to flow outwardly, result
ing in the settlin g of the foundation. I t is
the same that, p la stic zone appeared at the
le f t side beneath the foundation when the
horizontal shearing force is directing to
le f t .
It is found that the p la stic zone has great
e ffe c t on settlement. The bigger the plastic
zone, the larger w ill be the value of the
settlement. For example, the plastic zone
below the foundation of 3-storey building
is half of that of 4-storey building so that
the settlement decreased considerably. The
p la stic zone does not appear in the case of
buildings below 2-storey 3nd settlement w ill
not occur.
The calculated results are in close agreement
with the actual observations.
From the result of analysis, two approaches
for reducing the settlement during earthquake
could be suggested: f ir s t , reducing the
net foundation pressure by means of
compensating foundation, by enlarging founda
tion area or by reducing weight of the super
structure, thus reducing the original shear
stress; second, increasing the dynamic shear
strength by means of partial replacement
of s o il or by using p iles.

CONCLUSIONS
1. Dynamic strength of soft s o il is about
1.1 times of the s ta tic strength when the
original shear stress is over 0.6 sta tic
shear strength. The writer believes that this
value may be used to evaluate the s ta b ility
of the foundation.
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